Abstract Despite the many positive outcomes, excessive mobile phone use is now often associated with potentially harmful and/or disturbing behaviors (e.g., symptoms of deregulated use, negative impact on various aspects of daily life such as relationship problems, and work intrusion). Problematic mobile phone use (PMPU) has generally been considered as a behavioral addiction that shares many features with more established drug addictions. In light of the most recent data, the current paper reviews the validity of the behavioral addiction model when applied to PMPU. On the whole, it is argued that the evidence supporting PMPU as an addictive behavior is scarce. In particular, it lacks studies that definitively show behavioral and neurobiological similarities between mobile phone addiction and other types of legitimate addictive behaviors. Given this context, an integrative pathway model is proposed that aims to provide a theoretical framework to guide future research in the field of PMPU. This model highlights that PMPU is a heterogeneous and multi-faceted condition.
Introduction
Mobile phone use has substantially increased over the last decade, particularly in European and Asian countries. For instance, in Asia, the Office of the Communication Authority of Hong Kong (2013) stated that in 2012, the average number of cellular phones owned was 2.21. Regarding Europe, recent statistics by the Swiss Federal Statistics Office (2014) indicated that in 2012, there were more mobile phone subscriptions than inhabitants in many European countries (e.g., Finland, 1.72; Austria, 1.61; Italy, 1.60; UK, 1.35; Switzerland, 1.30; Sweden, 1.25; Germany, 1.12; and Belgium, 1.11) .
Linked with this blooming of mobile phone use, research has recently flourished to explore both positive and negative consequences associated with mobile phone use. Positive outcomes of mobile phone use include the optimization of communication between individuals and systems [1] . Mobile phone technology also promoted the development and validation of a wide range of health-related and behavior change interventions and applications that aid such activities as dietary management, smoking cessation, physical activity promotion, and chronic disease management [2, 3] . Negative outcomes associated with mobile phone use-particularly excessive use-have included (but are not restricted to) selfreported dependence and addiction-like symptoms [4, 5, 6 ••], sleep interference [7] , financial problems [4] , dangerous use (phoning while driving) [4, 8, 9] , prohibited use (phoning in banned areas) [4, 10] , and mobile phone-based aggressive behaviors (e.g., cyber bullying) [11] .
Despite accumulating evidence that mobile phone use can become problematic and lead to negative consequences, its precise incidence, prevalence, and symptomatology remain a matter of much debate. As an illustration, prevalence studies conducted within the last decade have reported highly heterogeneous rates of problematic use ranging from just above 0 % to more than 35 % [12] [13] [14] [15] . As discussed in more detail later in the paper, this heterogeneity is mainly due to the fact that most studies in the field have been conducted in the absence of a theoretical rationale. The prototypical example is that too often, excessive mobile phone use is conceptualized as a behavioral addiction and subsequently developed screening tools are adapted from the substance use and pathological gambling literature, without taking into account either the specificities of mobile phone Baddiction^(e.g., dysfunctional mobile phone use may often be related to interpersonal processes) or the fact that the most recent generation of mobile phones (i.e., smartphones) are tools that-like the Internet-allow the involvement in a wide range of activities going far beyond traditional oral and written (SMS) communication between individuals (e.g., gaming, gambling, social networking, shopping, etc.). For example, it has recently been found that the involvement in social networking promotes the development of dependence toward mobile phone use [16] . As a consequence, many existing studies were based on an excessive simplification of heterogeneous and multi-faceted problematic behaviors, taking place between an individual and a technological instrument with constantly evolving applications.
Recently-and notwithstanding inconsistencies in prevalence rates reported in previous studies and the limited evidence regarding its etiology-problematic mobile phone use (PMPU) has raised sufficient concerns for being considered as a potential public health issue. For instance, in August 2014, the World Health Organization (WHO) hosted a meeting (in Tokyo, Japan) to discuss the public health implications and excessive behaviors associated with the use of information and communication technology, including mobile phones and smartphones. 1 In this context, the objective of the current paper is twofold. First, the validity of the behavioral addiction model, when applied to PMPU, is discussed in light of the existing evidence. Second, an integrative pathway model that aims to provide a theoretical framework for future research on PMPU is proposed.
Problematic Mobile Phone Use as a Behavioral Addiction
The first empirical studies examining PMPU were published a decade ago by Australian and Japanese scholars [6••, 17] . Since then, the number of published studies on the topic has grown substantially [18] , although mobile phone-related disorders have received less attention in the psychiatric and psychological literature than Internet-related disorders. Currently, several terms are frequently used to describe the phenomenon, the more popular being Bmobile phone (or smartphone) addiction^ [19] , Bmobile phone (or smartphone) dependence^ [4] , or Bnomophobia^(that literally refers to the fear of not being able to use the mobile phone) [20] . Existing studies on the topic are mainly epidemiological and have attempted to estimate the prevalence of symptomatology of the condition and to delineate its psychosocial risk factors and comorbid psychopathology [21••] .
PMPU is generally conceptualized as a behavioral addiction including the core components of addictive behaviors, such as cognitive salience, loss of control, mood modification, tolerance, withdrawal, conflict, and relapse [15, 22, 23] . Accordingly, the criteria (and screening tools developed using such criteria) that have been proposed to diagnose an addiction to the mobile phone were directly transposed from those classifying and diagnosing other addictive behaviors, i.e., the criteria for substance use and pathological gambling depicted in the fourth revised edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) in the case of the first published studies on PMPU [6••, 17] . A decade on, scholars still generally tackle the issue of diagnosing PMPU using a similar approach. For example, in a recent study, Smetaniuk [13] reported a prevalence of PMPU around 20 % in US undergraduate students using adapted survey items that were initially developed to diagnose disordered gambling.
Although many scholars believe that PMPU is a behavioral addiction, evidence is still lacking that either confirms or rejects such conceptualization. Indeed, the fact that this condition can be considered as an addiction is to date only supported by exploratory studies relying on self-report data which is collected via convenience samples. More specifically, there is a crucial lack of evidence that similar neurobiological and psychological mechanisms are involved in the etiology of mobile phone addiction compared to other chemical and behavioral addictions. Such types of evidence played a major role in the recent recognition of gambling disorder and Internet gaming disorder as addictive disorders in the latest edition of the DSM (i.e., DSM-5) [24, 25] . In particular, three key features of addictive behaviors, namely loss of control, tolerance, and withdrawal, have-to date-received very limited empirical support in the field of mobile phone addiction research.
First, several scholars proposed that loss of control (e.g., diminished impulse control and altered decision-making processes) is central in PMPU [21••] . Such a proposal was based on the extensive literature supporting that impulsivity is a hallmark of addictive behaviors [26, 27] , including behavioral addictions such as disordered gambling [28, 29] and Internet addiction [30, 31] . Unfortunately, in the framework of PMPU, available evidence, although promising, has relied on either self-reports or clinical case studies. For example, it has been shown that questionnaires assessing emotion-based impulsivity and non-planning impulsivity correlate with measures of self-reported dependence to mobile phone and addictive pattern of use, as well as with negative outcomes such as financial problems [4, 5, 32, 33] . A few studies have also described case reports of patients losing control over their use of the mobile phone [20, 34] . However, there is a lack of empirical studies that have reported the behavioral and/or neurobiological indexes of impulsivity in mobile phone users. Further studies should therefore be conducted using recognized behavioral measures of inhibitory control (e.g., a stopsignal paradigm) and decision-making (e.g., Iowa gambling task). Ultimately, such types of impairment should be investigated and confirmed at the neurobiological level (e.g., using EEG or fMRI), similarly to studies on disordered gambling and Internet gaming disorder [30, 35, 36] .
Second, relying on substance abuse criteria, attempts have been made to conceptualize the tolerance phenomenon with respect to PMPU. This has resulted in somehow weak conceptual formulations of what mobile phone tolerance comprises. For example, it has been proposed that in the framework of mobile phone addiction, tolerance is reflected by Ba marked increase in the frequency and duration of mobile phone use to obtain satisfaction^or Bthe need to substitute operative devices with the new models that appear on the market^ [15, 37, 38] . Although quite trivial, these operational definitions reflect the degree of conceptualization currently reached with regard to the tolerance construct applied to PMPU. In fact, within the framework of mobile phone use, inferring tolerance based on the increasing use of the mobile phone is highly tentative. Indeed, usage patterns can vary as a function of numerous contextual and social variables, including age (e.g., teenagers are more strongly influenced by peers), type of subscription (prepaid or subscriptions), relationship status (single or in couple), occupation (active versus employed, holidays versus working periods), and significant life events (e.g., beginning or end of a romantic relationship).
As for loss of control, the field lacks studies that have addressed the question in a more direct and valid way. If tolerance can be (at least partly) reflected by an increase in the actual use of the mobile phone, it is necessary to emphasize this by longitudinal designs rather than crosssectional self-report studies. Ultimately, it is not possible to assert any definitive conclusions regarding the existence of tolerance in individuals with PMPU unless neurobiological evidence (e.g., alteration/sensitization in specific cerebral circuitries) confirms it.
Third, tentative data interpretation has resulted in propositions that PMPU can be characterized by withdrawal, as found in substance addictions. However, the supporting evidence is scarce. Indeed, existing data comprises studies conducted using community samples (often students) emphasizing that some individuals claim via self-report to be upset when they are not able to use their mobile phone (e.g., when they have left it at home, when no network is available, when they have to switch if off) [6••, 32, 39, 40] . In such studies, typical items used for assessing withdrawal include BI feel restless and irritable when the mobile phone (or smartphone) is unavailable^or BI panic when I cannot use my mobile phone (or smartphone).^Unfortunately, these studies provide-at best-only indirect evidence of withdrawal. This is because elevated levels of self-reported distress when unable to use the mobile phone are susceptible to be triggered by a wide range of individual and contextual factors. For example, King et al. [20, 41] described cases of social phobia and panic disorder patients who displayed increased anxiety and discomfort when they could not use their mobile phone. Within the framework of panic disorder, the mobile phone can be used as an instrument that guarantees safety (i.e., it allows the calling of emergency services at any time), whereas in the framework of social phobia, the mobile phone allows the avoidance of direct social relations. In a previous paper, some of the present authors described the case of a woman with poor self-esteem and insecure attachment who became upset when she found herself in situations in which she could not use the mobile phone to call or send an SMS to her boyfriend [34] . In fact, to be able to assert that items such as those aforementioned actually measure withdrawal, it will be necessary to confirm their validity and specificity in longitudinal and/or experimental studies comparing people presenting with or without PMPU in situations of deprivation (i.e., assessing psychological and/or physiological symptoms in individuals after they have experienced a certain amount of time without having access to their mobile phone).
Given these concerns, it appears that the empirical evidence supporting the conceptualization of PMPU as a genuine addictive behavior is currently scarce. However, this does not necessary mean that PMPU is not a genuine addictive behavior (at least for a subgroup of individuals displaying PMPU symptoms), but rather that the nature and amount of the available data at the present time are not sufficient to draw definitive and valid conclusions. Therefore, further studies are required. In particular, longitudinal and experimental research is needed to obtain behavioral and neurobiological correlates of PMPU. In the absence of such types of data, all attempts to consider PMPU within the framework of behavioral addictions will remain tentative. It is worth noting here that it took decades of empirical research before disordered gambling was officially recognized as an addiction (as opposed to a disorder of impulse control) in the DSM-5.
The current conceptual chaos surrounding PMPU research can also be related to the fact that while the number of empirical studies is growing quickly, these studies have (to date) primarily been based on concepts borrowed from other disorders (e.g., problematic Internet use, pathological gambling, substance abuse, etc.). This approach is atheoretical and lacks specificity with regard to the phenomenon under investigation. In fact, by adopting such a Bconfirmatory approach^relying on deductive quantitative studies, important findings that are unique to the experience of PMPU have been neglected. As an illustration, no qualitative analyses of PMPU exist, and only a few models have been proposed. This implies that most studies have been conducted without a theoretical rationale that goes beyond transposing what is known about addictions in the analysis of PMPU [21••] . In such a context, our objective in the last section of this paper is to propose a comprehensive framework that aims to inspire and stimulate future research into PMPU. To do so, a model stipulating that different pathways can lead to PMPU is described. In this model, PMPU comprises, but is not limited to, addictive patterns of use.
Toward a Pathway Model of Problematic Mobile Phone Use
Research into PMPU is limited by the absence of a theoretical framework that allows for an understanding of its etiology and course. As described in this paper, existing studies have considered PMPU as a behavioral addiction a priori, without taking into account its uniqueness, as well as the heterogeneity of both its manifestations (e.g., addiction symptoms, banned use, risky use, etc.) and related risk factors (e.g., personality traits, comorbid psychopathology).
As depicted in Fig. 1 , based on the available data from the literature, 2 we hypothesized that at least three pathways can lead to PMPU: (1) an excessive reassurance pathway; (2) an impulsive-antisocial pathway; and (3) an extraversion pathway. Each of these pathways is influenced by individual factors (e.g., psychological characteristics of individuals) and can lead to various uses and misuses (e.g., frequency and type of use, risky use, addiction-like symptoms). Drawing on the available literature, the following sections provide the evidence supporting the existence of each of these pathways. It is worth noting that a preliminary attempt was proposed in 2012 to distinguish theoretical pathways leading to PMPU [21••] . However, since then, some of the authors' initial proposals have been refined and updated based on the latest available empirical data. Importantly, there is now a substantive amount of data that supports the relevance of the postulated pathways.
The first pathway leading to PMPU is the excessive reassurance pathway. This pathway corresponds to individuals whose PMPU is driven by the necessity to maintain relationships and obtain reassurance from others. The objects of reassurance can be multiple. Some individuals use the mobile phone excessively to obtain reassurance in affective relationships [34] . As an illustration, recent data have shown that excessive and uncontrolled SMS use is related to concerns about relationship maintenance [42, 43•] . Moreover, using a cluster analytic approach, Lu et al. [43•] highlighted the existence of a subgroup of problematic users characterized by a poor self-model of adult attachment, along with increased anxiety and depression. These individuals, who display elevated actual and problematic use of mobile phones, were classified as Bdependent users^by the authors. Other research also found that an increased level of general anxiety, as well as social anxiety, is associated with excessive mobile phone use and proneness to send a large number of SMSs [4, 14, 44, 45] . Such types of association have also been found in clinical case studies of panic disorder and socially phobic patients [20, 41] . Converging data also emphasize that high levels of neuroticism (i.e., the tendency to be emotionally vulnerable) [6••, 46-49] and low levels of self-esteem [6••, 14, 46, 48, 50] are associated with increased PMPU. On the whole, it therefore appears that addiction-like symptoms can be the consequence of a need for reassurance promoted by factors such as increased anxiety, poor self-esteem, insecure attachment, or increased emotional instability.
The second pathway leading to PMPU is the impulsive pathway. This pathway corresponds to individuals whose PMPU is driven by poor impulse control resulting in uncontrolled urges and deregulated use. Crucially, the impulsive pathway can lead to various manifestations of PMPU, namely addictive, antisocial, and/or risky patterns of use. For example, several research studies have shown that addictive patterns of use are associated with specific impulsivity traits, such as urgency (the tendency to act rashly in emotional contexts), lack of planning/premeditation (the tendency not to take into account the consequences of actions), or low self-control (defined as a tendency to act in an automatic rather than in a controlled way) [4, 32, 51] . The overuse of mobile phones has also been related to ADHD symptoms in adolescence [52] . The aforementioned impulsivity traits have been similarly related to risky patterns of use that have little or nothing to do with addictive behavior, such as dangerous use (e.g., phoning while driving) [4, 32] or sexting (i.e., exchange of sexually suggestive pictures or messages via the mobile phone) [53, 54] . Impulsivity, along with psychopathic traits, has also been related to antisocial patterns of mobile phone use (defined as a use involving negative outcomes, such as social disapproval of other's suffering) and feeling compelled to use mobile phones in banned areas [4] or the involvement in cyberbullying behaviors [55] . It is worth noting that this pathway, and its related etiology, finds its theoretical roots in Blaszczynski and Nower's [56] pathway model of disordered gambling, and that a similar pathway has also been recently related to dysfunctional involvement in online video games [57] . Accordingly, the impulsive pathway is probably the more suited to account for PMPU related to specific activities, such as video gaming or gambling.
The third pathway leading to PMPU is the extraversion pathway. This pathway applies to individuals whose PMPU takes the form of dependence-like symptoms and exaggerated use driven by a strong and constant desire to communicate with others and to establish new relationships. Indeed, several studies have documented that PMPU is associated with high extraversion [6••, 43•, 46-48] . Interestingly, a study by Igarashi et al. [47] used structural equation modeling to emphasize that SMS overuse can either result from an extraversion path through which dependency is related to a constant desire to socialize with others, or from a neurotic path involving anxiety about relationship maintenance, which corresponds to the excessive reassurance pathway described above. The extraversion pathway also corresponds to individuals whose PMPU can be related to a constant need for stimulations and a high sensitivity to rewards, and is susceptible to taking the form of either antisocial or risky patterns of use. Indeed, a few studies have linked high sensation seeking to mobile phone-based aggressive behaviors [55] , phoning while driving [4] , and sexting 3 [53] . It can therefore be assumed that for individuals with a high level of sensation seeking, such activities promote pleasure and excitement (e.g., sending and/or receiving erotic pictures of themselves or someone else), or help to meet the amount of stimulation they need (e.g., using the mobile phone while driving in a context that requires concentration).
Importantly, these pathways have not to be considered as mutually exclusive, and it is possible that in some cases, PMPU is associated with more than one of the described pathways (e.g., a person characterized s i m ul t an eo us l y by p oo r s el f -es t e em an d hig h impulsivity).
Conclusion
Two main arguments were presented in the current paper. First, the lack of evidence regarding the validity of the behavioral addiction model applied to PMPU was highlighted. This implied that further research emphasizing potential behavioral and neurobiological similarities and correlates with recognized addictive behaviors is required before PMPU can be considered within the spectrum of behavioral addictions. Second, it was demonstrated that PMPU is a heterogeneous and multi-faceted condition. In support of this proposal, a theoretical model was formulated to guide and stimulate future research in the field. In particular, this model emphasizes on the one hand how apparently similar symptoms of mobile phone addiction (e.g., exaggerated and deregulated use) can be driven by different pathways underlain by distinct psychological processes, and on the other hand how some psychological factors (e.g., impulsivity and extraversion) can lead to various types of PMPU that are not related to addictive use (e.g., antisocial and risky use). To conclude, the study of PMPU as a potential psychiatric disorder is in its infancy, and most of the existing research appears to have been undertaken without a sufficient theoretical rationale. Indeed, previous research has adopted a confirmatory approach in which PMPU is considered a priori as a behavioral addiction, rather than an exploratory approach interested in determining its phenomenology and manifestations. Eventually, a prerequisite to define a problematic behavior as a possible psychiatric condition (or public health concern) is that it involves functional impairment as reflected by tangible negative outcomes at the individual, professional, or personal levels [58, 59] . Regarding PMPU, while dangerous use might obviously lead to severe consequences, such as fatal traffic accidents, if using a mobile phone while driving [60] , the outcomes of prohibitive use and addictive use are not necessarily associated with significant functional impairment. Human and Animal Rights and Informed Consent This article does not contain any studies with human or animal subjects performed by any of the authors.
